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INTROrUCT ION 


This document provides a prel ininnry idcr.t ification cf the 1 '.snorting 
Research and Technology (SR5T) necessan’ during tne j lanned evolution of 
the Atmospheric Cloud Physics Laboratory (ACPI. . None o- the SR&T require- 
ments identified pertain tc the initial \CPL < scheduled f v flight on Space- 
lab *1 in 1980); all requirements are for subsequent flights over its ex- 
pected ten year lifetime. 

Those components identified as requiring sene SRST work prior to 
inclusion on ACPL are: 

• Aerosol Generation 

• Ice Particle Detection and Analysis 

• Vapor Cvclc Refrigeration System for Space 

• Particle Positioning System 

t .Analysis of Sarnies for Scavenging F.xperiments 

• Controlled Expansion Chamber Recompres - i< n System 

• Expansion Chamber Liquid Water Content . ' Measurement 

A data sheet is included for each item, brieflv justifying the need, giving 
general objective? for the proposed development effort and identifying ap- 
proximate ACPL schedule requirements on the program. In most ea«cs, the 
science objectives for the related ACrL experiments have not been fully estab 
lished, and the re quirements/objective.? for the SRfiT program are not specific 
Tne first step in these cases is, of course, .. aantitative definition of th* 
science requirements associated with each SR57 item identified. 
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ATMDSPIfl R!C CLCHIP PHYSICS LABORATORY 
SUPPORTING PJ. c L\RCH S T1.Q1NOLOGY 


TITLE: Aerosol Generation 

.JUSTIFICATION: 

Stable and reproducible techniques to generate cloud forming 
aerosols coverir * the range of sices and materials of interest in cloud 
physics experi. _ considered for ACPI are not available, even in ground- 
based laboratories there generator sices and electrical power demands are 
not a factor, lor ACI’L where naturally generated aerosols are not present, 
and where sice and power must be considered along with operation in a zero- 
gravity environment, development and ground verification of particle 
generators is very important. 

For those general experiment classes identified thus far for 
ACFL, three aerosol generation requirements emerge: 

• Very stable and reproducible aerosols for the high 
precision, warm cloud experiment (limited sice range). 

• Slightly less stable aerosols for other warm cloud 
experiments ^broaden range of sices and materials). 

• Ice nuclei generators covering a range of sices and 
materials. 

r>evelopment of better techniques must be fully verifier, m round operation 
prior to inclusion on ACFL: tins also implies development of sice measure- 
ment techniques with accuracy consistent with the requirements imposed on 

the generator. 


All development should also be undertaken wit:, pi ,r considerations 
of ACPL allowable resources mass, volume, electri. now r, therr-ii dissipation), 
and with expected ACPL operating environments. 


CT.NTPAL OBJECTIVES: 


The general objectives of this SRST effort are: 

• To develop stable a icil i< aen sol generators 

which cover the range of ?i:t. a:;c materials of interest 
to experiment classes of interest t< \CPL. The concepts 
are to be adaptable to the ACPL operating environment. 

• To provide a thorough ground verification of each generator* 

t Tc develop techniques/instnnents for performance verifi- 

cation of the generators. 


PROGRAM San^ULE RI'.QUIREMHNTS: 

Stable generators are needed as soon as possible. Inclusion for 
♦■he first laboratory update requires completion of the SRfjT work by 1979. 


ATMOSPHERIC CLOUD PHYSICS LABORATORY 

sum aTin'c. rlsfarcm nnr^ouxn- 


TITLE: Ice Particle Detect -r. and Analysis 


JUSTIFICATION: 

Performance of meaningful ce experiment* on early ACPL missions 
implies inclusion of two important measurement techniques, first, there 
must be some way to discriminate, in real tire, between water droplets 
and ice crystals in the Exp.m ion Chamber. Second, there must also be 
some technique for reliably characterizing the ice nuclei. A possible 
approach to the latter is he Static Diffusion Ice (SDI) Oiamber. Both 
techniques need ground-based development worV prior to inclusion on a 
future ACPL, including thorough testing and ground verification. 

A third implication of ice experiments is the collection and 
storage of ice crystals for earth analysis. The development work cn this 
aspect of ice experiments should be preceded by a complete definition of 
science requirements for ice storage and return. 

GENERAL OBJECTIVES: 

The general objectives of this SR£T effort would be development 
and ground-based verification of the following ice particle detection and 
analysis techniques: 

• Real time ice crystal water droplet discriminator 

• SDI for ict nuclei characterization 

• ice crysta 1 collection anc tori lation. 

PROGRAM SCHEDULE REQUIREMENTS : 

Development work should be completed by 19"P t bt included m 

the first ACPL update. 
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TITLE: Vapor Cycle- Refrigeration Systc- for Space 


JUSTIFICATION: 

Most experiment classes identified for ACI'L require operation 
at temperatures belou that available in Spacelab, which in turn, leads 
to a need for some forn of refrigeration system. For ground-based oper- 
ation, the vapor cycle compression system has long proven to be the most 
efficient and reliable. However, there are some development problems as- 
sociated with operation of this cycle in a zero-gravity environment; e.g., 
control of a two phase mixture in the evaporator and rondenscr, and oil 
return to the compressor. 

Techniques to meet these concerns need to be identified, studied 
and verified in ground-based laboratory testing. A development unit of a 
capacity consistent with VTL requirements should be fabricated and its 
performance thoroughlv demonstrated before inclusion in ACPL. 


GENERAL OBJECTIVE: 

The general objective of this SRST effort is to develop a vapor 
cycle refrigeration system capable of operation in zero-gravity, and to 
demonstrate its operation. 

PROGRAM SCHEDULE REQUIREMENTS: 

As soon as possible. Integration in the first ACPL update im- 
plies completion of development worl b' 19"9; integration in the second 
ACPL update by 1980 . 


ATMOSPHERIC CI.OUP PHYSIC "ORATORY 

SUPPORTING RESEARCH (, LOGY 

T TTI.E : Part i cle Pcs it ioning System 

JUSTIFICATION: 

Man>* general experiment classes envisioned for later ACFI. mis- 
sions require long time observation of a single particle. This implies 
the positioning of the particle of interest in a carefully controlled 
space, and observation with an optical system capable of determining the 
changing particle size. This SR6T effort is directed to a study of the 
science requirements for a particle positioning system, and to definition 
ind ground-based verification of such a system. The effort should ap- 
propriately consider Spacelab operational environments and available ACPL 
resources (mass, volume, power and heat rejection). 

CENTRAL OBJECTIVE: 

The general objective of this SRfiT effoit is to develop and 
verify operat an of a particle positioning system for ACI’L consistent with 
operating environments and available resources. 

PROGRAM SCHLDUL! REQUIREMENTS: 

Development work should be completed by 19~9 for inclusion on 
the first ACPL update. 
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TIT!.! : Ar.alvsi- les for S .v.'r I .xperiricnts 

JUSTIFICATION: 

I '.hough 1 nee requirements f 01 engii 

have not been defined, it \ r anticipated that sene SF.5T worl> will be nec- 
essary to properly ar.alv:e the resulting experiment samples. For example, 
if the experiment 35 to observe scavenging of small particle ay larger 
particles, it will likelv be necessary, at. the end of the expansion, to 
collect the droplets and to determine how mane large nuclei scavenged 
how many small nuclei. Techniques for doing this m a zero-gravity en- 
vironment need to be developed and demonstrated pr:cr to nclusion on 
ACPL. 


GENTRAL ORTF.CTIVES: 


The general objectives of this SRdT effort are: 

» To define the sample analysis re uirements for 
potential ACPL scavenging experiments. 

• To dev! op techn ■ to form tl ncle 
analvses which are compatible v. i t h Spacelab 
operational environments ana available resources. 


PROGRAM SCHFDULE RliQUIRlMENTS: 

Integration on the second ACPI update would require corslet ion 
of development work by 1980. 


AT' 'spheric cion* physics laboratory 
sin wrung research & noise ogy 


TITU : Controlled Expansion Chamber Recc: pros? ion Astern 


JUSTIFICATION: 

The Expansion Chamber svstcm envisioned for the initial ACPL 
has fixed walls and achieves an expansion by withdrawing air fro- within 
the chamber with an expansion unit. To perform memory experiments , it is 
desirous to stop the expansion at some point, to rccomprcss and then re* 
expand to observe differences from the initial expansion. The quality of 
the experiment is degraded if the air re- introduced in the compression 
process is in any way different (e.g., particles, water vapor mixing 
ratio, temperature, pressure, etc.) from that already in the chamber. 

Ther'"- seems almost no way not to introduce significant changes in the 
aerosol and drorlet -laden air with the withdrawal svste” described above. 
Another approach is tc physically expand the chamber walls; that introduces 
some obvious engineering difficulties that need development work prior to 
inclusion in ACPL. Limitations of the \CPL operatin'.; environments and 
available resource? should be considered in the development of a control- 
led Expansion Chamber reconpression system. 


GENERAL OBJECTIVES: 

Tne general objectives of this SRST effort are: 

0 To identify science requirements a elated w-.tr. 
precision memorv experiments. 

# T< tudy pract recompressi s approaches which 

meet these requirements. 

0 Tc develop and vei • * ting, the selected 

approach. 


PROGRAM SCHEDULE REQUIREMENTS: 

..... . .... 

development work by 1980. 
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T 1 Tl.fi : Expansion Chart ■ jr_ : d h :• . r . > .tc':.': l.'.w ’/ .a -'irtncn t 

JUSTIFICATION: 

Accurate nodding of tlu expansion process .me rc -It: n>: droplet 
formation in an ACTL warm cloud exru'rincnt requires, in addition to tem- 
perature, pressure, water vapor mixing ratio and particle characteristics, 
knowledge of the liquid water content in the chamber at any instant in 
time. The most precise want clou, experiment necessitates this information 
in real time so the expansion rate can be suitably alrered. Ground-ba»cd 
techniques to accomplish this measurement are under extern i\\- study, but 
have not vet been perfected. 

An Interim approach still of scientific value is to provide a 
non-real time measure c 4 ~ LWC which car. tj.en be util iced ir. analyzing the 
results ot a particular experiment. It appears, for example, that laser 
holography can resolve particles in the site range of interest for ACPL 
warn cloud experiments. The difficulty appears to be able *o measure the 
site from the hologram. 

GENERAL OBJECT IVF.S : 

The general objectives of this SR' I effort are: 

• To devel in gre aid testing r.on-reai 

tire techniques to ueterr I - uc 1 . tor content 
dunn. the warm clcua exr .r.-ion nrozess which are 
compatible witl ACI 1 operat.. nal environments and 
available resources. 

• l til LWC i t techni pies . 

PROGRAM SCHEDUU P l '^REMENTS: 

Integration m the t h 1 1 d ACVl update re ".ures development work to 
be completed by 1981. 
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